Ethnopharmacological relevance: More than 15,000 angiosperm species are dioecious, i.e., 19 having distinct male and female individual plants. The allocation of resources between male and 20 female plants is different, and also variation in secondary metabolites and sex-biased herbivory is 21 reported among dioecious plants. However, little is known about the ethnobotany of dioecious 22 species and whether preferences exist for a specific gender, e.g., in food, medicine or timber. 23
species and whether preferences exist for a specific gender, e.g., in food, medicine or timber. 23
Aim of the study: The aim of this study was: 1) to study whether Indian folk healers have 24 preference for plant genders, and to document their knowledge and use of dioecious species; 2) 25 to understand the concept of plant gender in Indian systems of medicine and folk medicine, and 26
whether Ayurvedic literature includes any references to gender preference. 27
Materials and methods:
Lists of dioecious plants used in Indian systems of medicine and folk 28 medicine were compiled. Ethnobotanical data was collected on perceptions and awareness of 29 dioecious plants, and preferences of use of specific genders of dioecious species using semi-30 structured interviews with folk healers in Tamil Nadu, India. In addition, twenty Ayurvedic 31 doctors were interviewed to gain insight into the concept of plant gender in Ayurveda. 32
Results: Indian systems of medicine contain 5-7% dioecious species, and this estimate is 33 congruent the number of dioecious species in flowering plants in general. Informants recognized 34 the phenomenon of dioecy in 31 out of 40 species, and reported gender preferences for 13 35 species with respect to uses as timber, food and medicine. Among informants different plant 36 traits such as plant size, fruit size, and visibility of fruits determines the perception of a plant 37 being a male or female. Ayurvedic classical literature provides no straightforward evidence on 38 gender preferences in preparation of medicines or treatment illness, however it contains details 39 about reproductive morphology and sexual differentiation of plants. 40 Conclusions: A knowledge gap exists in ethnobotanical and ethnopharmacological literature on 41 traditional knowledge of dioecious plants. From this explorative study it is evident that people 42 have traditional knowledge on plant gender and preferential usages towards one gender. Based 43 on this, we propose that researchers conducting ethnobotanical and ethnopharmacological studies 44
should consider documenting traditional knowledge on sexual systems of plants, and test the 45 existence of gender specific usages in their conceptual framework and hypothesis testing. 46
Introduction 53
Enormous efforts are being made to document and systematically study the traditional uses of 54 plants. Dioecy, where species have separate female and male plants, is widespread among 55 flowering plants, and an estimated 6% of species are dioecious (Renner, 2014) . Resource 56 allocation, including trade-offs between allocation to defense, growth and reproduction, is 57 different between genders of dioecious plants (Obeso, 2002) . Several studies have shown that 58 differences in reproductive demands between the genders of dioecious plants cause gender 59 physiology divergence that in turn affects the production and concentration of secondary 60 metabolites (Bajpai et al., 2016; Milet-Pinheiro et al., 2015; Simpson, 2013) . Herbivory has been 61 suggested as a selective pressure that has resulted in the evolution of dioecy (Bawa, 1980) , and 62 studies have utilized the plant resource allocation theory (Levins, 1968) to understand the 63 patterns of plant-herbivore interaction (Obeso, 2002) , herbivore plant gender preferences 64 individuals of dioecious species (Simpson, 2013) . 76 Simpson, 2013 has highlighted the importance of gender in phytochemical research and 77 its impact on pharmacological properties of a species. For example in the dioecious species 78
Cannabis sativa L., the female plants are used for marijuana, whereas the male plants are 79 preferred for fiber (Fetterman et al., 1971 
Indian dioecious plants 189
Among dioecious species sex ratios deviate from the mean, and species with a male bias are 190 associated with long-lived growth forms (e.g., trees), biotic seed dispersal and fleshy fruits, 191 whereas female bias is associated with herbaceous species, and abiotic pollen dispersal (Field et 192 al., 2013) . Plasticity in sex expression has also been reported for a number of species (Borges et  193 bear flowers that will not yield fruits and seeds, whereas female plants bear flowers, fruits, and 216 viable seeds. The existence of monoecious and bisexual plants was explained as well, and they 217 were explained that if the same plant bears male and female flowers it is monoecious, and if the 218 same flower contains both reproductive organs it is bisexual. Plants such as papaya, palm trees, 219 coconut trees, pumpkin, and goose berries were given as examples to explain the reproductive 220 systems of flowering plants before initiating the interview process. Table 1 shows the details of 221 40 dioecious plants used in the ethnobotanical study, and it was found that the informants were 222 aware of existence of the dioecious nature of many plants. Out of 40 plants used in the study, 223 informants recognized the phenomenon of dioecy in 31 species (Table 1) , and no significant 224 variation was found between the 33 male and 7 female informants about their knowledge on the 225 existence of dioecious species and the number of dioecious species reported for usages. 226
Therefore male and female informants were considered as one category of informants for further 227 analysis (Supplementary Data S3). However, Table 2 shows a significant variation among the 228 age groups of informants. The informants below the age 50 had less knowledge on dioecious 229 species, and used less number of dioecious species. On the other hand, a linear growth was 230 observed between the age groups for preferring any one gender of dioecious plants, while using 231 the plants which suggests that the age older informants had better perception on gender of plants 232
and their unique uses (Table 2) . 233
A number of studies has documented the lack of traditional knowledge among younger 234 people, and this has been attributed to the expansion of modern education, cultural change, and 235 the influences of modernization (Srithi et al., 2009; Voeks and Leony, 2004 Table 3 shows the overview of informants awareness, gender preference and the habit of 241 the dioecious plants. Since, fruits being informed and considered as the main identity to 242 distinguish male and female plants among the informants, it was observed that the visibility of 243 fruit size, plant size and plant traits based uses of a particular plant determines the perception of a 244 plant being male or female. For example, informants were unaware of dioecy for two shrubs 245 comparatively less toddy than female palms, and the former are in higher demand among 272 consumers because it is believed to be more potent. In this study, we observed that this 273 knowledge is particular to elder informants, the reason for this was that in mid-20 th century in 274 India due to the increasing demand of toddy's, it was reported that the toddy often was 275 adulterated with chemical substances, such as chloral hydrate and diazepam, and the adulteration 276 had detrimental health consequences for toddy consumers (Rao et al., 2004) . Therefore, the 277 consumption and sale of toddy were prohibited from time to time in India, and the production of 278
Indian-made foreign liquor such as whisky and brandy was promoted through industrialization 279 (Mahal, 2000) . 280
It has been reported that harvesters in Nilgiri Biosphere Reserve, India, were aware of 281 male and female trees of Canarium strictum, and that resin yielding trees were female trees 282 may cure the illness and vice versa. Similarly male plant leaves are prescribed to woman, and 296 female plant leaves are prescribed to men with the purpose to act both as a sexual stimuli and to 297 foster a good relationship between men and women. The informants reported male leaves as 298 harder to chew than the female leaves, therefore female leaves are prepared to make paan (paan 299 is combination of betle leaves with areca nut or tobacco, chewed for its stimulant and 300 psychoactive effects). However, when enquired about the taxonomic identity of male and female 301
Piper betle leaves, it was found that informants segregate male and female leaves based on the 302 venation pattern and number of veins in a leaf, i.e., the harder the venation pattern, and a 303 minimum of 5 veins in a leaf is believed to be male leaf, and the softer venation pattern and less 304 than 5 veins in a leaf is a female leaf. In India, despite its availability in the wild, Piper betle is 305 vegetatively propagated for cultivation and no flowering is observed in the subtropics due to the 306 Table 4 shows the plants used for its timber and preferential gender usages. Out of 21 tree 323 species used in the study, informants have reported 9 species for various construction purposes, 324 and among these 6 species are preferred based on the gender (Table 4) . Timber of male palm 325 trees (Borassus flabellifer and Phoenix species) and Drypetes sepiaria is preferred for 326 construction purposes such as houses, huts and furnitures because it is believed that male plants 327 have expected size and more durable timber than female trees. On the contrary, female plant 328 timber of Diospyros ebenum is preferred over male plants and it is believed that carving in male 329 plant timber is tough. Informants preference on one gender in timber could be explained with 330 plant resource allocation theory that the male plants comparatively allocates more resource to 331 vegetative growth than the female plants (Obeso, 2002 
